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Anterograde transport in the early secretory pathway is mediated by COPII-coated vesicles. Stagg 
et al. (2008) have now visualized the double-layered COPII coat using electron cryomicroscopy, 
providing insight into how coats are assembled to accommodate cargo of different sizes.Newly synthesized proteins destined 
for secretion begin their journey toward 
the cell surface packaged within 
COPII-coated vesicles. The act of cre-
ating these vesicles is orchestrated by 
the COPII coat proteins themselves 
(Gürkan et al., 2006). COPII coats, like 
clathrin and COPI coats, consist of two 
layers. The inner “adaptor” layer con-
tains subunits that interact with cargo 
molecules, either directly in the case of 
transmembrane proteins or indirectly 
via transmembrane cargo receptors 
in the case of lumenal proteins. For 
COPII, the inner layer is composed 
of Sec23-Sec24 heterodimers and 
the small GTPase Sar1. Sar1 plays a 
key role because its activation at so-
called endoplasmic reticulum (ER) exit 
sites initiates coat assembly. Activated 
Sar1 and Sec23-24 then recruit an 
outer layer composed of Sec13-Sec31 
heterotetramers. Sec13-31 heterote-
tramers assemble into a cage whose 384 Cell 134, August 8, 2008 ©2008 Elseviegeometry determines the shape and 
size of the resulting vesicle. Previous 
work has revealed the X-ray structures 
of the Sec23-24/Sar1 and Sec13-31 
complexes (Bi et al., 2002; Fath et al., 
2007). In their new study, Stagg et al. 
(2008) now use electron cryomicros-
copy (cryoEM) to unveil the structure of 
the assembled coat.
Historically, the most intensively stud-
ied coat protein has been clathrin, which 
forms the outer layer of clathrin-coated 
vesicles (Young, 2007). Structural mod-
els of the clathrin lattice, obtained by a 
combination of cryoEM and X-ray crys-
tallography, are fast approaching atomic 
resolution (Fotin et al., 2004). The funda-
mental clathrin assembly unit is a triske-
lion, with three elongated legs emerging 
from a central hub (red and blue, respec-
tively, in the lefthand panel of Figure 1). 
Triskelia can assemble to form closed 
structures of varying size and shape. At 
each vertex of the resulting lattice lies r Inc.the hub of one triskelion. Its three legs 
each extend along two edges of the 
clathrin lattice (Figure 1), interdigitating 
with the legs of triskelia whose hubs are 
one or two vertices distant. The result is 
a closed structure with pentagonal and 
hexagonal faces—a soccer ball is a famil-
iar example of such a lattice (formally 
known as a truncated icosahedron).
Comparable studies of the COPII lat-
tice became possible only recently, with 
the discovery that recombinant Sec13-31 
heterotetramers could be induced to 
assemble into cages by dialysis against 
a high-salt buffer (Stagg et al., 2006). 
These cages, as revealed by cryoEM at 
about 30 Å resolution, are cuboctahe-
dral. A cuboctahedron has eight triangu-
lar and six square faces (Figure 1) and 
is therefore utterly unlike either a soccer 
ball or—more to the point—a clathrin 
cage. In the clathrin lattice, three edges 
converge to form each vertex; in the 
COPII cage, that number is four.Figure 1. Clathrin and COPII Lattices
In each schematic, the lattice edges are shown as lines. The assembly unit (either one clathrin triskelion or one Sec13-31 heterotetramer) is highlighted in red and 
one vertex is indicated by a blue dot. Each Sec13-31 heterotetramer forms a bent rod approximately 28 nm in length and 4 nm in diameter (Fath et al., 2007).
The manner in which the assembly 
units are held together is also remark-
ably dissimilar. Each clathrin triskelion 
contributes to six edges in the clathrin 
lattice (Figure 1), with the result that each 
edge contains multiple intertwined legs. 
In sharp contrast, each Sec13-31 hetero-
tetramer simply forms one edge of the 
COPII lattice. The details became clear 
when the X-ray structure of the Sec13-31 
heterotetramer was fitted into the EM 
density map, producing a model for the 
entire COPII cage (Fath et al., 2007). 
Sec13-31 heterotetramers interact only 
at the vertices, without interdigitation. 
Thus, the clathrin and COPII lattices—
and the molecular interactions that pro-
duce them—are completely different.
In an exciting development, Stagg 
et al. now describe the cryoEM struc-
ture of the COPII coat, containing both 
the outer Sec13-31 cage and the inner 
Sec23-24 adaptor layer (Stagg et al., 
2008). They used assembly conditions 
similar to those used for Sec13-31 alone 
but found that the addition of stoichio-
metric amounts of Sec23-24 led to sig-
nificantly larger particles. In the absence 
of Sec23-24, the reassembled COPII 
cages were approximately 60 nm in 
diameter (Stagg et al., 2006), whereas in 
the presence of Sec23-24, the particles 
were larger, with 100 nm particles pre-
dominating. The structure of the 100 nm 
particles was determined to a resolution 
of approximately 45 Å. Remarkably, both 
the outer Sec13-31 layer and the inner 
Sec23-24 layer were discernable in the 
EM density map. The conformation of 
the heterotetrameric Sec13-31 assem-
bly units (that is, each lattice edge) was 
unchanged relative to that observed 
previously (Stagg et al., 2006). Instead, 
changes in the geometry at each vertex 
account for the overall expansion of the 
cage, as described below. The EM den-
sity map also revealed that a vesicle of 
physiological dimensions (up to about 65 
nm in diameter) could fit inside the 100 
nm coats.
Although the inner Sec23-24 layer was 
clearly visible, it was not possible to fit 
the known Sec23-24 crystal structure 
unambiguously into the EM density map. 
The problem is that Sec23 and Sec24 
form a bowtie-shaped heterodimer (Bi 
et al., 2002); consequently, there was 
no way to determine which end is which in the EM density map. It is neverthe-
less clear that a cluster of four Sec23-24 
heterodimers is located directly beneath 
each vertex of the Sec13-31 cage. There, 
they appear to be ideally positioned to 
influence cage assembly.
One of the most important aspects 
of the new work is the opportunity it 
affords to compare the Sec13-31 lat-
tices formed in the absence of Sec23-24 
to those formed in its presence. This 
comparison yields notable insights into 
the mechanism by which COPII proteins 
can generate coats of different sizes. To 
appreciate the analysis of Stagg et al. 
(2008), it helps to think of each Sec13-31 
heterotetramer as the leg of a tripod. The 
legs meet at a vertex—where one would 
mount a camera, were this a photo-
graphic tripod. One slight modification in 
this analogy is needed because the num-
ber of Sec13-31 legs that meet at each 
vertex is not three but four—a tetrapod 
(see Figure 1). With this analogy in mind, 
it is easy to see that the greater the angle 
between the tetrapod’s legs, the larger 
the diameter of the resulting coat. If the 
four legs were splayed apart completely, 
the camera could rest upon the floor and 
the COPII coat could, in principle, form 
against a flat membrane.
The tetrapod legs are arrayed such 
that two of the angles between them are 
60° (Stagg et al., 2006, 2008). This holds 
true for both the 60 and 100 nm particles 
and also for a third particle (not shown 
in Figure 1) of intermediate diameter. In 
all three lattices, two pairs of tetrapod 
legs meet at 60° angles, with each pair 
forming two sides of an equilateral tri-
angle. Triangular faces may be a univer-
sal feature of COPII lattices. This could 
be readily understood, at the molecular 
level, if the vertex interactions that give 
rise to the 60° angles were too inflexible 
to accommodate the 90° angle needed 
to form a square lattice face.
In contrast, the other inter-leg angles 
are variable, ranging from 90° to at 
least 108°. It is these angles, which 
Stagg et al. (2008) call β, that deter-
mine the curvature of the coat. In the 
60 nm particle, β is 90°, and each leg 
contributes to a square face in the coat 
lattice (Figure 1). In the 100 nm particle, 
β is 108°, and thus each leg contributes 
to a pentagonal face (Figure 1). Note 
that as β increases, so does the diam-Cell 1eter of the particle. Indeed, Stagg et al. 
(2008) point out that Sec13-31 could 
form a flat array, or even tubules, pro-
vided that the protein-protein interac-
tions at the vertex were able to accom-
modate a β angle of 120°. Thus, what 
appears to differentiate a large COPII-
coated vesicle from a small one is the 
variable angle β. Stagg et al. (2008) 
propose that cargo proteins, acting in 
conjunction with the Sec23-24 clusters 
that ultimately reside below the verti-
ces, are able to influence the β angles 
and thus control the size of the COPII 
coats. In this way, giant cargo mol-
ecules such as procollagen (300 nm in 
length) might ensure that they fit inside 
a budding COPII vesicle.
Many interesting questions remain. 
For example, the orientation of the four 
Sec23-24 heterodimers at the vertices 
has yet to be worked out. Moreover, 
the connections between the inner and 
outer layers, a subject of considerable 
recent interest (Bi et al., 2007; Fromme et 
al., 2007), are not easily visualized at the 
current resolution. Nonetheless, seeing 
both layers of a vesicle coat represents 
a dramatic advance in our understand-
ing of coat morphology, and it should 
serve as a foundation for future efforts to 
understand vesicle formation.
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